Based on a comprehensive sample of domestic securities traded on the Brussels Stock Exchange, this paper points out the intervalling effect in the estimated betas and examines the speed of convergence of these. The results reveal that the estimated betas seem to converge to their asymptotic values and that their value depends on what day the differencing interval starts. It also appears that the magnitude of the intervalling effect is inversely related to the market value of the firms.
Introduction
An important issue related to the systematic risk or beta coefficient of a security is its sensitivity to the length of the differencing interval used to measure the returns. This effect, which is called the intervalling effect on estimated betas, has received considerable interest from the academic community, and several methods for adjusting the bias in the estimated betas have so far been put forward by Scholes and Williams (1977) , Levhari and Levy (1977) , Dimson (1979) and Cohen et al. (1983a, b) . The concern of this paper is to underscore the intervalling effect in the betas of a large sample of the Brussels Stock Exchange (BSE) for three periods, and to examine how these betas converge to an asymptotic value when the differencing interval used to measure the returns is lengthened. The impact of the length of the differencing interval used to measure the returns on the estimated betas was first shown by Pogue and Solnik (1974) . Using samples from seven European countries, including Belgium, they found that the daily beta estimates depend on the length of the differencing interval. The intervalling effect bias in beta has been ascribed by Cohen et al. (1983a, b) to the friction in the trading process. Infrequent trading or, more generally, delays in the adjustment of a security price to a change in information induce cross serial correlation in the security returns and subsequently autocorrelation in the market index returns. According to the theory of Cohen et al. the expected magnitude of the priceadjustment delays is related to the thinness of the securities: thinner securities have greater adjustment delays than frequently traded securities. Cohen et al. also demonstrated that thin securities have a downward bias in their betas for short differencing intervals, while relatively frequenly traded securities have an upward bias.
Sample and test methodology

The sample
The data consist of the daily returns of 250 domestic securities traded on the spot market of the BSE, which roughly represents the complete spot market of the BSE. The time period covered is from January 1977 to December 1985. The returns, 2,213 for the whole period, are continuously compounded returns. They are calculated as the difference between the natural logarithms of two consecutive closing prices, R t = ln(P t ) -ln(P t-1 ). They are corrected for all capital adjustments and they incorporate dividends. Alongside the returns, the market value of the outstanding shares of the securities as well as their volume of trading have also been collected. The returns of the portfolio composed of the 250 securities, weighted by the market value of these, are used as market index returns. The total nine-year period is divided into three three-year subperiods of 738 (1977 to 1979), 735 (1980 to 1982) and 740 daily returns (1983 to 1985) . In order to avoid data problems due to the listing and delisting of securities, the securities have been selected on the basis of their continuous presence on a whole subperiod. Therefore the number of securities for each of the subperiods is respectively reduced to 153, 180 and 170 securities.
Test methodology
We assume that the security returns are generated by the Market Model (1) where β i , the security beta, measures the change in R it as a result of a change in the market index return R mt , α i measures the change in R it that is independent of a change in R mt , and ε it is the random error term. According to this model, neither α i nor β t depend on the length of the differencing interval used to calculate the returns. The estimates of α i and β i obtained using an ordinary least square regression, are however strongly dependent on the length of the differencing interval [Pogue and Solnik (1974) , Hawawini (1980) and Cohen et al. (1983a, b) ]. Hawawini (1980) demonstrated that when continuous returns are used, the value of a security beta for any particular length L of differencing interval is:
(2) where ρ im 0 , ρ im +s , ρ im -s are, respectively, the intertemporal cross-correlation coefficient of order 0, + s (lead) and -s (lag) between the returns, measured on a one-day differencing interval, of security i and the market, and ρ s m is the autocorrelation of order s on the market daily returns. It follows from this equation that the systematic risk will be invariant to the length of the differencing interval L only if there is no intertemporal cross-correlation between the returns of a security and the market, and if the market returns are not autocorrelated. Therefore, as the intertemporal crosscorrelation and the market autocorrelation generally decrease with the order of the lag, the value of the OLS security beta approaches an asymptotic value when the differencing interval is lengthened.
(3) In order to examine the speed of convergence of the beta coefficient of each security i when the differencing interval is lengthened, the beta is estimated for a finite set of differencing interval lengths L, (4) where R iLt and R mLt are, respectively, the returns of security i and the market index, measured over a differencing interval of L days, L varying from one day to thirty days. At this stage, a correction of the β i (L) is necessary to better discern the convergence of the beta coefficients. Corhay (1988) noticed indeed that the value of beta coefficients depends on the manner daily prices are juxtaposed to calculate returns on intervals longer than one day. Since a return for a specific interval length is measured as the difference in logarithm between two well-defined daily prices, any price move, whatever its magnitude, that occurs and is wiped out between these two days does not enter into the calculation of the return, nor, consequently, into the estimation of the beta. On the other hand, substantial moves that systematically occur on the day returns are measured have an impact on estimated betas. Corhay showed, for example, that the beta coefficients of Belgian stocks exhibit a seasonal pattern. Betas estimated using Monday to Monday weekly returns are always larger than those estimated using Friday to Friday weekly returns. Therefore the correction consists in running the regression L times for an interval length of L and in calculating an average beta coefficient. Such procedure allows us to avoid too high and too low estimated beta coefficients which would be due only to the juxtaposition of the daily prices. The regression is run a first time with returns of interval length L calculated using the complete series of daily returns. Then the first daily return is deleted, the returns of interval length L are recalculated with the remaining observations and the regression is run again and so forth until it is run L times. 1 So the regression model becomes:
For each interval length, the average beta as well as the standard deviation of the betas are then calculated: 2 (6) The speed of convergence of the betas to their asymptotic value is examined. Given the number of securities, the number of periods in the study, all individual security results cannot be presented in this note. Therefore the results are presented for 10 portfolios and the sample as a whole, as well as for the individual securities composing portfolios 1 and 10. The number of securities in each portfolio for the subperiods is given in the tables. 3 In order to test differences between the means of the size portfolio betas, an analysis of variance is carried out on the individual betas and their standard deviations of the 10 portfolios, as well as on the individual betas of portfolios 1 and 10. The portfolios are value weighted portfolios and they are constructed on the basis of the market value of the securities. The market value of a security is measured at the midpoint of a subperiod; it is the natural logarithm of the value, in millions of Belgian francs, of the outstanding shares of the security.
The betas for portfolios formed on the basis of the volume of trading of the securities, as well as on the ratio volume of trading to the number of their outstanding shares, were also calculated, but as their results do not significantly differ from those obtained with the market value, they are not presented. 4 These three variables are related to the thinness of the securities. On the one hand, one can expect that larger firms, having a larger volume of transaction and about which the public is generally better informed, have a shorter delay in their price adjustment than smaller firms. On the other hand, trading securities having a high degree of rotation certainly presents some advantages to the investor who can more easily and more quickly dispose of the shares.
Empirical results
The results for the three subDeriods are presented in tables 1, 2 and 3. The values of the average betas as well as their standard deviation are summarized in the tables for the ten market value formed portfolios, as well as for the whole sample, and for lengths of differencing interval, L=1,2,3,4,5,8,10,12,16,22 and 30. 5 Individual beta coefficients of portfolios 1 and 10 and F-test statistics of the analysis of variance are also reported in the tables. There is no intervalling effect on the whole sample and its average beta is always close to one. This is because the sample used in the study almost represents the entire spot market of the BSE. As for the average betas of the ten size portfolios, there is an intervalling effect. The effect is quite large for small differencing intervals and it tends to decrease when it is lengthened. Our results tend therefore to confirm the asymptotic behavior of the security betas as demonstrated by Hawawini (1980) and Cohen et al. (1983a, b) . The direction of the intervalling effect is negative for the first portfolio, composed of the largest firms, while it is on the average positive for the other nine, and its magnitude is inversely related to the market value of the firms. Besides, all F-test statistics resulting from the analysis of variance between the individual betas of the ten portfolios are statistically significant at the five per cent level, whatever the length of the differencing interval, which leads to the rejection of equality between the means of the size portfolio betas. Concerning the comparison between portfolios 1 and 10, the values of the F-tests are even higher. Therefore, firms with smaller market value appear to have on the average lower beta coefficients than large firms. It can, however, be observed that both F-test statistics decrease slightly but remain statistically significant when the differencing interval is lengthened. Portfolio 10 (1) and (2) are the means of the average individual beta and the individual standard deviation of the stocks forming a portfolio, respectively. F-test statistics significant at the five percent level are underlined. (1) and (2) are the means of the average individual beta and the individual standard deviation of the stocks forming a portfolio, respectively. F-test statistics significant at the five percent level are underlined. (1) and (2) are the means of the average individual beta and the individual standard deviation of the stocks forming a portfolio, respectively. F-test statistics significant at the five percent level are underlined.
Such results suggest that the small firm effect put in evidence by Banz (1981) on monthly data can only be partially explained by the bias in beta estimate, as this bias tends to disappear when returns are calculated on long intervals. A look at the individual beta coefficients reveals that there are more or less two or three very large securities of the first portfolio having an upward bias. So, only very large firms have an slight upward bias while all others, especially small firms, have a downward bias. Concerning individual beta coefficients of the smallest market value portfolio, different patterns can be observed. Although the intervalling effect is on the average positive, few security betas are decreasing with the length of the interval. Some negative coefficient can even be noticed, whatever the value of L. The values of the reveal that the volatility of the unadjusted betas for a given length of differencing interval, is quite strong in all size portfolios. 6 It appears that small firm portfolio betas are more volatile than betas of the large firm portfolios. 7 Furthermore, the hypothesis of equality of the beta volatility, tested by an analysis of variance, is rejected for most differencing intervals at the five per cent level. The volatility also tends to increase continuously with the length of the differencing interval. 8 It can be concluded that the method of adjustment for the volatility of the betas used in this study at least eliminates the likelihood of having peculiar values of the estimated systematic risk for a given differencing interval length.
Conclusion
This note shows that the choice of a differencing interval length to measure the returns has an important impact on the magnitude of the estimated security betas. The results of this study, which is carried out on a comprehensive sample of the Brussels Stock Exchange and on three adjacent periods of three years, indicate that an intervalling effect bias is present in the estimated security betas for short differencing intervals. The bias in the betas is very important, especially for small market value securities, and it decreases when the differencing interval used to measure the returns is lengthened. The results also show that small firms have on the average lower 6 The absence of value for for a one-day differencing interval is due to the fact that there cannot be any fluctuation for a one day differencing interval. 7 Because of thin trading, small firm prices are more chaotic. Therefore small firm returns for any interval length are more sensitive to the way prices are juxtaposed to calculate returns than those of larger firms, which in turn affects the estimated values of 8 The increase in the volatility σ(β iL ) with the length of the differencing interval is caused on the one hand by the increase in the number of estimated with L, and on the other hand, since the number of returns decreases with L, by a lower confidence in the estimated values of both of which decrease the degree of freedom. beta coefficients than large firms. Another interesting feature revealed by this study is the volatility of the estimated betas. It appeared indeed that the way the daily prices are juxtaposed to calculate returns of longer differencing intervals has also an effect on the values of the estimated betas.
Notes 1 Deleting L-1 daily returns from the series decreases by a maximum of one the number of returns of interval length L.
2 Because of the limited number of observations the estimate is quite inefficient for short differencing intervals. It gives, however, an idea of the variation of the beta coefficient due to the juxtaposition of the daily prices in the sample.
3 The number of securities in a portfolio for a particular subperiod is equal to the larger integer of the division of the number of securities by the number of portfolios. If there is a remainder it is allocated to the first and the tenth portfolios.
